). An extensive interface is generated in the domain-swapped configuration between protomers A and 1997a). DcpS includes the HIT motif on ␤-strand 12 in addition to other conserved elements that will be dis-B that buries 3500 Å 2 of molecular surface area as calculated by GRASP (Nicholls et al., 1991) . The symmetry, cussed in subsequent sections. Amino acid sequences of H. sapiens DcpS (HsDcpS) aligned to orthologs from mouse (MmDcpS), Drosophila (DmCG2091), C. elegans (CeHSL_1), S. pombe (SpNhm1), and S. cerevisiae (ScDcs1) and (ScDcs2). Gaps denoted by (-). HsDcpS amino acid numbers and secondary structure indicated above the alignment; ␤ strands as red arrows, ␣ helices as green bars. Intervening polypeptide segments are shown as a line and disordered segments as a dashed line. Alternative secondary structures observed between open and closed DcpS conformations are indicated for the region between ␤7 and ␣D. Side-chain identity (asterisks), strong similarity (two dots), and weak similarity (one dot) are indicated below the alignment. Sites of amino acid substitution are indicated below the alignment by red circles (disrupts activity), pink circles (low activity), green circles (no effect on activity), and blue circles (increased activity). Differences observed for contacts between N-and C-terminal domains and between DcpS and respective cap analogs are highlighted above the alignment (see Supplemental Table S2 that DcpS must close to promote catalysis insomuch we suspected that the conformational changes associas contacts observed in the closed conformation are ated with the ␤, ␣, and second nucleoside positions required for normal activity and the enzyme structure might be important for activation and cap hydrolysis reveals two distinct and mutually exclusive active sites (see above, Figure 3) . Although speculative, the large ( Figure 6A and 6B) . In the open state, the N-and structural differences observed for the respective posi-C-terminal domains are 36 Å apart and the cap is coorditions of the ppN leaving group suggest that initial nated on the protein surface in an extended configura-␥ phosphate attack by His277 and disruption of the ␥-␤ tion that fully exposes the O3Ј ribose and site of RNA bond may be promoted in part through activation of the attachment. In contrast, the closed configuration reveals leaving group rather than through direct activation of the cap coordinated deep in the interface between the the enzyme nucleophile.
N-and C-terminal domains. Although partially buried, the second ribose and hydroxyl positions are still exposed and visible through a narrow protein channel that DcpS Conformational Changes The two DcpS active sites exhibit asymmetry and exist is sufficiently wide to accommodate a single-stranded RNA chain ( Figure 6C ). In addition, the channel perimeter in open and closed conformations in our structures. In the open configuration, the N-and C-terminal domains is primarily formed by side chains that could move away to further widen the channel to accommodate RNA make few direct contacts while the nucleotide interacts primarily with the HIT motif in the C-terminal domain, (model not shown). Two possible models could explain the inability of lies extended and exposed across the interface between N-and C-terminal domains, and stacks its second DcpS to cleave larger mature capped RNA molecules. (Table 1) .
as yet unknown mechanism to bind and hydrolyze cap with the triphosphate bridge of the cap.
